Purpose To investigate statin use in the elderly by age (≥ 80 vs. 65-79 years) in relation to established indications. Methods A population-based cohort, including data from four registers, encompassing inhabitants in Region Västra Götaland, Sweden, was used. Statin users were defined as those filling statin prescriptions ≥ 75% of the year 2010. Primary care and hospital diagnoses in 2005-2010 regarding ischemic heart disease, stroke, transient ischemic attacks, and diabetes were considered established indications. Results A total of 278,205 individuals were analyzed. In individuals aged ≥ 80 and 65-79 years (n = 81,885 and n = 196,320, respectively), 17% (95% confidence interval 17%; 18%) and 23% (23%; 23%) respectively, were statin users. Among the statin users, 74% (73%; 74%) of those aged ≥ 80 and 60% (59%; 60%) of those aged 65-79 years had ≥ 1 established indication. Conversely, of those with ≥ 1 established indication, 30% (30%; 31%) and 53% (52%; 53%) were on statins in the respective age groups. Logistic regression revealed that age, nursing home residence, and multi-dose drug dispensing were the most prominent negative predictors for statin use; adjusted odds ratios (95% confidence interval): 0.45 (0.44; 0.46), 0.39 (0.36; 0.42), and 0.47 (0.44; 0.49), respectively. Conclusions In the oldest old (≥ 80 years), statin users were fewer and had more often an established indication, suggesting that physicians extrapolate scientific evidence for beneficial effects in younger age groups to the oldest, but require a more solid ground for treatment. As the oldest old, nursing home residents, and those with multi-dose drug-dispensing were statin users to a lesser extent, physicians may often refrain from treatment in those with lower life expectancy, either due to age or to severely reduced health status. In both age groups, our results however also indicate some over-as well as undertreatment.
Introduction
Statins are effective in reducing major vascular events such as myocardial infarction and stroke. Guidelines from the American College of Cardiology/American Heart Association (ACC/AHA) as well as the European Society of Cardiology/European Atherosclerosis Society (ESC/EAS) currently recommend statin treatment for secondary prevention in individuals with established cardiovascular disease because of convincing evidence of positive effects in several randomized controlled trials (RCTs) [1] [2] [3] [4] [5] . The guidelines also recommend statins for primary prevention in individuals with diabetes and in those with a high or very high estimated cardiovascular risk [4, 5] .
The absolute benefit of statin treatment depends on the baseline risk which can be estimated from age, sex, and cardiovascular risk factors [4] [5] [6] . To facilitate treatment decisions, the Systematic Coronary Risk Evaluation (SCORE) system has been developed, illustrating the risk for an individual according to a selection of important predictors [7] . This tool is recommended by the European guidelines [5] but only applies to individuals up to 65 years of age. The calculator within ACC/AHA guidelines has an upper age limit of 79 years [4] and Framingham data apply to those < 75 years [8] . At older ages, treatment decisions are complicated by the lack of conclusive evidence of a positive benefit-risk balance, regarding both secondary and primary prevention; the clinical trials do not include a sufficient number of older individuals. The ACC/AHA guidelines for individuals aged > 75 are based on expert opinions rather than evidence from clinical trials [4] . A recent review emphasizes the lack of evidence regarding efficacy and safety of statins in the oldest old, especially in those with multimorbidity and frailty [9] .
In addition to the absence of conclusive evidence regarding beneficial effects, decisions on drug treatment in the oldest old (≥ 80 years of age) are particularly complex because of comorbidities and increased susceptibility to adverse reactions. Nevertheless, statins are used in this age group. A Danish study found that 38% of men and 32% of women aged 75-84 years used statins during 2010 [10] , and a Finnish study reported that almost 40% of community-dwelling individuals ≥ 70 years used statins in 2008 [11] . To the best of our knowledge, however, statin use in the oldest old has not been compared to the use in the younger elderly. Therefore, we do not know to what extent the limited evidence base and other complexities attached to the oldest olds are associated with statin treatment practice. To shed light on this issue, we performed this study to investigate the use of statins in the elderly according to age and indication.
Methods

Study population
The study population consisted of individuals, ≥ 65 years of age in 2010, who lived in the Swedish region of Västra Götaland during the entire study period, July 1, 2005 to December 31, 2010. Region Västra Götaland has a total population of about 1.7 million residents a n d is th e s ec o n d l arg e s t r e gi on in S w e de n . Individuals with re-used personal identity number, as well as individuals who were deceased or who moved into or out of the region during the study period, were excluded from the study.
Data sources
Data were collected from four registers, linked by the unique personal identity number (PIN) [12, 13] . 
Definitions and procedures
An individual was classified as a statin user if he/she filled statin prescriptions (Codes C10AA or C10BA in the Anatomical Therapeutic Chemical classification system (ATC) [15] ) covering at least 75% of the year 2010. As Swedish regulations stipulate that drugs for a maximum of 3-month use can be purchased at a time, our definition of a statin user required ≥ 3 filled statin prescriptions a year. Individuals who had ≥ 1 dispenses within the multi-dose drug-dispensing system and thus had drugs delivered every fortnight were classified as statin users if they had ≥ 20 statin dispenses over the year. In order to characterize individuals at the beginning of 2010, we estimated the number of drugs in the medication list, recorded as a continuous variable, on December 31, 2009, as a proxy for burden of disease [16] . For estimations of medication lists, we used the established method that is also employed by the National Board of Health and Welfare [17] . In short, for individuals receiving their drugs via ordinary prescriptions, a medication list was constructed according to the filled prescriptions during the 3-month period preceding this date. Drugs were included in the medication list if the purchase covered treatment at the date in question according to (i) the date of filling the prescription, (ii) the amount of drug dispensed, and (iii) the prescribed dosage. [18] . & Other risk factor diagnoses: Individuals with ≥ 1 diagnosis that could be associated with, or is a known risk factor for, cardiovascular disease. We used a hierarchical list of diagnoses previously defined and including hypertension and hypertensive heart and renal disease (ICD-10 I10-I13, I15), non-rheumatic mitral and aortic valve disorders (ICD-10 I34, I35), heart arrhythmias (ICD-10 I45-I49), heart failure (ICD-10 I50), atherosclerosis (ICD-10 I70), aortic aneurysm (ICD-10 I71), peripheral arterial disease (ICD-10 I739), arterial embolism and thrombosis (ICD-10 I74), and vascular disorders of intestine (ICD-10 K55) [19] . Chronic kidney disease (ICD-10 N18), obesity (ICD-10 E66), and hyperlipidemia (ICD-10 E78) were also added. & None: None of the above-described diagnoses could be identified.
The first two categories, that is, secondary prevention and diabetes, were considered established indications.
Statistics
Statistical analyses were performed using STATA (Version 14) and SPSS (IBM SPSS Statistics for Windows, version 23.0, Armonk, NY). Individuals ≥ 80 years of age were compared to those 65-79 years using 95% confidence intervals (CIs) for proportions, calculated with the method of Wilson. We used logistic regression to obtain crude and adjusted odds ratios (ORs) with 95% CIs for (i) statin use in individuals with ≥ 1 established indication and (ii) having ≥ 1 established indication in statin users. The results were adjusted for sex, age (continuous), multi-dose drug dispensing, number of drugs (continuous), and living conditions (nursing home or community).
Sensitivity analyses
To test the robustness of the results, we performed sensitivity analyses. First, we investigated if another definition of statin use would change the results, that is, filling ≥ 1 statin prescription, or receiving ≥ 1 statin dispensing within the multi-dose dispensing system, during 2010. Second, since atherosclerosis and peripheral arterial disease are commonly considered an indication for statin treatment, these diagnoses (ICD-10 I70 and I739) were included as established indications.
Results
Characteristics of the cohort
In all, 278,205 individuals were included in the analyses (Fig. 1 ). The median individual was 74 years old (range 65-110) and had 3 (0-38) drugs in the medication list. Summarized, 81,885 (29%) were 80 years or older; 153,142 (55%) were female; 29,385 (11%) had multi-dose drug dispensing; 13,882 (5%) were nursing home residents; and 100,235 (36%) were on ≥ 5 drugs.
A total of 86,320 (31%) individuals had ≥ 1 established indication for statin treatment; 61,173 (71%) individuals had cardiovascular disease; 42,527 (49%) had coronary heart disease; 20,802 (24%) had stroke/ cerebrovascular disease; 7860 (9%) had TIA; and 38,746 (45%) had diabetes. For 25,147 (29%) individuals with diabetes, no other secondary prevention diagnosis was identified. Among the 191,885 individuals without an established indication, 83,172 (43%) had ≥ 1 risk factor diagnosis, most commonly high blood pressure (35%), dyslipidemia (9%), and atrial fibrillation (6%); 108,713 (57%) had none of the diagnoses registered.
Statin use
A total of 59,788 individuals (21%) were characterized as statins users, 37,764 (63%) of whom had ≥ 1 established indication. Statin treatment was less common in those aged ≥ 80 years compared to those 65-79 years (Table 1) In all statin users, as well as in subgroups by sex and number of drugs, ≥ 1 established indication was more common in those aged ≥ 80 years compared to those Table 2 ). The proportion of individuals with ≥ 1 established indication did not differ between the age groups for patients with multi-dose drug dispensing and for those living in nursing homes. In all, 37,764 (44% (43%; 44%)) out of 86,320 individuals with ≥ 1 established indication used statins; 27,825 (45% (45%; 46%) of those with ≥ 1 secondary prevention diagnosis, and 9939 (40% (39%; 40%)) of those with diabetes only. Among those with ≥ 1 established indication, statins were used to a lesser extent in those aged ≥ 80 years compared with those aged 65-79 years; (30% (30%; 31%) vs. 53% (52%; 53%)). Regression analyses showed that age ≥ 80 years, female sex, multi-dose drug dispensing, and living in a nursing home were associated with a lower probability of statin use (Table 3) .
Without established indication
Among 22,024 statin users without an established indication, 16,806 (76%) had ≥ 1 risk factor diagnosis. Of the latter, 6590 (39%) had one risk factor diagnosis, 7342 (44%) had two, and 2874 (17%) had ≥ 3 such diagnoses. The most common diagnoses among these individuals were high blood pressure and related diagnoses (ICD-10 I10-I13, I15; n = 13,198, 60%) and hyperlipidemia (ICD-10 E78, n = 10,632, 48%) ( Table 4) . In all, 5218 (8.7% of all) statin users had neither an established indication nor a risk factor diagnosis.
Sensitivity analyses
When defining a statin user as having ≥ 1 filled statin prescription or ≥ 1 statin dispense within the multi-dose drug-dispensing system, the number of statin users increased from 59,788 to 104,043. The regression analyses revealed basically similar odds ratios as obtained in the main analysis. The same applied to the sensitivity analysis in which the diagnoses atherosclerosis (ICD-10 I70) and peripheral arterial disease (ICD-10 I739) were added as established indications (Appendix). The results suggest that physicians extrapolate scientific evidence for beneficial effects in younger age groups to the oldest olds but often require a more solid ground for treatment in the latter patients. In addition, assuming that multi-dose drug dispensing and living in a nursing home residence constitute surrogate markers of a great burden of disease, physicians seem to refrain from statin treatment in those seriously ill with lower life expectancy. Indeed, for these patients, the treated proportion among those with an established indication did not differ between the age groups. The results are consistent with studies where frail residents were less likely to be statin users [20] . In persons with at least one established indication, we found that about one third of those 80 years or older, and about half of those 65-79 years, used statins. These results are in line with other similar studies [10, 11] .
Our results are reassuring as the efficacy of statins for secondary prevention of cardiovascular disease up to 75-80 years of age is considered as effective and safe as in the younger population [4] . A meta-analysis including studies on patients 65-82 years (mean age varied from 67 to 76 years) showed a relative risk reduction in all-cause mortality of 22% and coronary heart disease mortality of 26% in 5 years [21] . The same meta-analysis estimated the number of patients needed to treat over 5 years to save one life to 28 (95% CI 15;56). A subgroup analysis of the Heart Protection Study, mainly including individuals with high cardiovascular risk and established cardiovascular disease, also supports a significant effect on major cardiovascular events in the age group 75-80 years [22] .
The difference in statin use between the age groups 65-79 and ≥ 80 years may be surprising; the risk of cardiovascular disease increases by age and therefore, theoretically, the oldest old could have a larger absolute benefit from treatment than their younger counterparts. However, the evidence for secondary prevention in the oldest old is, as earlier mentioned, sparse. The PROSPER study found a decrease in coronary heart disease mortality and non-fatal myocardial infarction (MI) in older people with a history of cardiovascular disease, when treated with pravastatin 40 mg compared to placebo, but still only included individuals up to 82 years [23] . A recent review [24] by Ruscica et al. concluded that statin treatment may be justified in persons 75 years or older for secondary prevention or at very high cardiovascular risk. Using the results of a large meta-analysis [25] ; Ruscica et al. calculate that 167 individuals in this age group need to be treated for 1 year to prevent one vascular event, the corresponding figure for those 65-75 years being 111. According to the review, due to lack of evidence, statins are generally not justified in individuals ≥ 85 years of age [24] .
Irrespective of evidence base, one may speculate regarding potential reasons for the substantial part of the elderly with an established indication but without statin treatment. First, the data available in this study did not include laboratory assessments. Individual lipid levels may sometimes have been considered when deciding against treatment, even though for secondary prevention, statin treatment is recommended regardless of lipid levels [4, 5, 18] . Second, other risk factors such as comorbidity/frailty, heredity, and smoking may add to treatment decisions, and this information is also lacking in our data. Thirdly, patient's preferences may play an important role; adherence to statins has been shown to be limited [26] . Statins are also associated with drugdrug interactions and adverse reactions [27, 28] . Summarized, drawing conclusions on prescribing quality from our results may be a delicate task, as register data lack important information for individualized treatment decisions. Indeed, indicators of prescribing quality often have limited applicability at the individual patient level [29, 30] . Nevertheless, one cannot exclude that undertreatment may exist to some extent, as has previously been suggested [31] . We found that in one third of all statin users, no established indication could be identified during the preceding 5-year period. Some of these may have had an indication recorded before this period, and some may have indications not recorded in the register. However, it is also possible that several of these patients have statin treatment for primary prevention. This may be problematic; even though there is evidence from several RCTs on effects on all-cause mortality and cardiovascular mortality in individuals up to 75 years of age with high CVD risk but without prior CVD events [32] , there is still insufficient evidence regarding benefits and harms of statin treatment for primary prevention in those ≥ 75 years of age [9, 24] . As this also applies to older people with frailty and multimorbidity, our findings that such individuals are treated with statins to a lower extent are reassuring. Summarized, it cannot be ruled out that some overtreatment exists, as has previously been suggested [31] .
ACC/AHA and ESC/EAS guidelines recommend statin treatment for individuals with atherosclerosis and peripheral arterial disease, diagnoses which were not included among the established indications in the present study. However, the results did not change substantially when these diagnoses were added to the established diagnoses for statin treatment. The same was applied when all individuals filling a statin prescription were categorized as statin users. These sensitivity analyses support the robustness of the results.
Limitations
As previously mentioned, a major limitation of the present study, as in many other register studies, is that the data sources could not provide information on lipid levels, smoking status, heredity, blood pressure levels, education level, and socioeconomic status, factors that are important in decision making regarding drug treatment. However, in the analyses, we considered important variables reflecting burden of disease, including diagnoses in primary and hospital care, as well as residential status and use of multi-dose drug dispensing. That notwithstanding, it is a limitation that diagnoses may exist even if not recorded, and diagnoses may be registered earlier than the 5-year period covered. Moreover, data on statin doses are lacking.
Another limitation is that the data are some years old. However, the prevalence of statin use in older people has changed only slightly since 2010; according to national public register data, 34% of those aged ≥ 80 years filled a statin prescription in 2016 compared with 27% in 2010 [33] . For those 65-79 years, both in 2010 and 2016, 32% filled a statin prescription. Moreover, although atorvastatin is now often included among recommended statins, Swedish guidelines have not changed in any substantial way since 2010 regarding statin treatment.
Conclusion
In conclusion, this study shows that statins are used more sparsely and more often together with an established indication in the oldest old, compared with those 65-79 years of age. Our results suggest that physicians extrapolate scientific evidence for beneficial effects in younger age groups to the oldest ones but require a more solid ground for treatment. The findings that nursing home residents and those with multi-dose drug dispensing, irrespective of age, used statins to a lesser extent, suggests that physicians may refrain from treatment in those seriously ill with less life expectancy. In both age groups, our results also indicate some overas well as undertreatment with statins.
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